A novel Gram-stain-negative, rod-shaped and non-motile bacterial strain, designated strain Seoho-37 T , was isolated from a eutrophic lake in South Korea. Polyphasic studies were performed to investigate the taxonomic position of the new isolate.
Phylogenetically, the genus Reyranella has an evolutionary lineage within the family Rhodospirillaceae in the class Alphaproteobacteria. The type species Reyranella massiliensis was originally identified by Pagnier et al. [1] . Subsequently, Kim et al. [2] emended several characteristics (e.g. nitrate reduction, respiratory quinone information) into the genus description. At the time of writing, the genus consists of three species with validly published names: R. massiliensis [1] , R. soli [2] and R. graminifolii [3] . These three species were isolated from fresh water, forest soil and bamboo litter, respectively. Members of the genus Reyranella are aerobic, Gram-staining-negative, rod-shaped and mainly use Q-10 as a respiratory quinone. Herein, we describe a novel aerobic bacterial strain (Seoho-37 T ) isolated from a eutrophic lake in South Korea which is usually infested with harmful cyanobacterial blooms. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain T is closely related to members of the genus Reyranella. Based on the results of the polyphasic taxonomic investigation, we propose strain T as a representative of a novel species named Reyranella aquatilis sp. nov.
Water samples, collected from a eutrophic lake, were serially diluted with sterilized distilled water (pH 7.0) and spread on R2A agar (Difco) plates. The plates were incubated at 25 C until the appearance of bacterial colonies. Single colonies were transferred onto new plates and incubated under the same conditions. The new isolates were routinely transferred onto fresh R2A agar plates every 10-14 days for further studies. Once the new isolates were identified as single strains, they were maintained as 20 % (v/v) glycerol stocks at À80 C for long-term storage. If there is no specific indication otherwise, the new isolates were cultivated aerobically on R2A agar plates at 25 C for 2 days for further studies. The reference strains were obtained from KACC (Korean Agricultural Culture Collection).
Cell morphology was observed under a high-resolution scanning electron microscope (SEM) (S-4800, Hitachi, Japan). Briefly, samples were fixed with formaldehyde, washed with PBS solution, dehydrated with different concentrations of ethanol solutions and observed in the SEM [4] . An oxidase activity test was performed using 1 % tetramethyl-p-phenylenediamine [5] , and catalase activity was tested using 3 % H 2 O 2 . A sodium chloride (NaCl) tolerance test was performed on R2A agar with different NaCl concentrations [0-2 % (w/v)]. Growth was investigated at different temperatures (10, 15, 25, 30, 36, 42 and 45 C) on R2A agar plates. Growth at different pH (pH 4.0-12.0 at intervals of 1 pH unit) was performed in R2A broth, with different buffer systems [6] . Anaerobic growth was tested in serum bottles after adding thioglycolate (1 g l
À1
) and resazurin oxygen indicator to R2A broth and replacing the upper air layer with nitrogen gas. The Gram reaction test was determined using a Gram stain kit (Becton-Dickinson) following the manufacturer's instructions. Carbon source utilization, enzyme activities and additional physiological tests were examined with API ZYM, API 20NE and API ID 32GN test strips according to the manufacturer's instructions (bioM erieux).
Genomic DNA was extracted using a FastDNA SPIN Kit for Soil DNA extraction kit according to the manufacturer's instructions (MP Biomedicals). The 16S rRNA gene was amplified with the universal bacterial primer set 27F and 1492R [7] . PCR amplification and sequencing of the 16S rRNA gene were performed as described by Jin et al. [8] . The partial 16S rRNA gene sequences obtained were compiled using SeqMan software (DNASTAR) and compared with the available 16S rRNA gene sequences from the EzTaxon-e server (www.ezbiocloud.net) [9] to determine their approximate phylogenetic affiliations. Sequence alignment and editing were performed with CLUSTAL_X [10] and BioEdit [11] , respectively. The evolutionary distances were calculated using the Kimura two-parameter model [12] . The phylogenic trees were reconstructed using the neighbourjoining [13] , maximum-parsimony [14] and maximumlikelihood [15] algorithms in MEGA 6 [16] , and bootstrap values were calculated from 1000 replications [17] . The genomic DNA G+C content was determined using HPLC after hydrolysis [18] . Non-methylated l DNA (Sigma) was used as a standard. DNA-DNA hybridizations between strain Seoho-37 T and the closely related type strains were performed as described by Ezaki et al. [19] .
To compare whole-cell fatty acid compositions in the new isolates with those of the reference strains, cells (including reference strains) were cultured on an R2A agar plate under identical conditions for 2 days at 25 C and harvested during the stationary growth phase. Preparation and analysis of fatty acid methyl esters were carried out as described by Cui et al. [20] and Sasser [21] by using the Microbial Identification System (MIDI) (version 6.1; MIDI database TSBA6 6.10). Analysis of respiratory quinones/polar lipids was done by the Identification Service of the DSMZ. Briefly, isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions and reextracted in n-hexane/water (1 : 1, v/v). The crude n-hexane/quinone solution was purified and subsequently analysed by HPLC as described by Hiraihi et al. [22] . Polar lipids were extracted, examined by two-dimensional TLC and identified as described by Minnikin et al. [23] .
Strain Seoho-37 T was strictly aerobic, Gram-stain-negative, catalase-negative, oxidase-positive, non-motile and rod-shaped (Fig. S1 , available in the online Supplementary Material). After incubation on R2A agar plates for 2 days, the colonies were convex, circular, opaque, milkcoloured and 1-2 mm in diameter. Growth occurred at C (optimum 25-30 C) and pH 6.0-10.0 (optimum pH 7.0-9.0). Growth was observed with NaCl concentrations of up to 1.0 % (w/v) in R2A agar (Difco) but not with 1.5 % or higher concentrations. The different physiological and biochemical characteristics between T . All data were from this study. All strains were positive for assimilation of L-arabinose, L-fucose, glycogen, 3-hydroxybutyrate, itaconate, lactic acid, propionate, D-sorbitol, suberate and valerate, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and oxidase. All strains were negative for assimilation of 3-hydroxybenzoic acid and caprate, N-acetyl-b-glucosaminidase, acidification of glucose, arginine dihydrolase, catalase, a-chymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, indole production, lipase (C14), a-mannosidase, protease and urease. + Positive; À negative. Nitrate reduction
strain Seoho-37 T and the reference strains are summarized in Table 1 .
The almost-complete 16S rRNA gene sequence (1352 nt) of strain Seoho-37 T was obtained and subjected to BLAST in the GenBank sequence database to retrieve sequences of the closest relatives. The BLAST results showed that strain Seoho-37 T was closely related to the species within the genus Reyranella, with similarities of between 97.5 and 98.9 %. The phylogenetic trees reconstructed using the neighbour-joining, maximum-parsimony and maximum-likelihood algorithms showed that strain Seoho-37
T formed a phylogenetic lineage with the species in the genus Reyranella with high bootstrap values of 100 % (Fig. 1) . The high similarities and the unique phylogenetic cluster including strain Seoho-37 T and the other species of the genus Reyranella with validly published names suggested that the strain Seoho-37
T is a member of the genus Reyranella. Meanwhile, DNA-DNA relatedness between strain Seoho-37
T and the closely related species in the genus Reyranella was <20 %, i.e. 16 T to a separate species from the existing members of the genus Reyranella [24] .
The DNA G+C content of strain Seoho-37 T was 66.5 mol %. The cellular fatty acid profiles of strain Seoho-37 T and members of the genus Reyranella are listed in Table 2 . Briefly, the major cellular fatty acids of strain Seoho-37 T were C 16 : 0 (20.4 %), summed feature 8 (C 18 : 1 !6c and/or C 18 : 1 !7c) (33.6 %), C 18 : 1 2-OH (9.2 %) and C 19 : 0 cyclo !8c (8.3 %). These major fatty acids were consistent, but not exactly identical, to those of the members of the genus Reyranella. For instance, C 16 : 0 and summed feature 8 dominated in all species in the genus Reyranella. However, summed feature 6 (C 19 : 1 !11c and/or C 19 : 1 !9c) was only detected in R. graminifolii Wo-34 T , and R. soli KIS14-15 T contained up to 2.5 times higher proportions of C 18 : 1 !7c 11-methyl than the other strains. The respiratory quinone system of strain Seoho-37 T contained Q-10 (58 %) and Q-9 (42 %). All members of the genus Reyranella contained Q-10 (!90 %) as the major respiratory quinone system and contained a minor amount of Q-9 and Q-11. The high proportion of Q-10 in strain Seoho-37 T was one of the reasons to assign this strain to the genus Reyranella. In addition, the higher proportion of Q-9 compared with other strains in the genus Reyranella let us assign this strain to a novel species. The polar lipid profile contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmethylethanolamine, and three unknown aminolipids (Fig. S2 ). This profile was also similar to the other species in the genus Reyranella.
Based on the results of morphological, physiological and chemotaxonomic analyses obtained, and phylogenetic features, strain Seoho-37
T is considered as a representative of a novel member of the genus Reyranella, for which the name Reyranella aquatilis sp. nov. is proposed.
Dongia mobilis LM22 T (FJ455532)
Lacibacterium aquatile LTC-2 T (HE795994)
Nisaea nitritireducens DR41_18 T (DQ665839)
Oceanibaculum pacificum MCCC 1A02656 T (LPXN01000088)
Azospirillum rugosum IMMIB AFH-6 T (AM419042)
Skermanella aerolata 5416T-32 T (DQ672568)
Taonella mepensis H1 T (JN693496)
Reyranella graminifolii Wo-34 T (AB839882)
Reyranella soli KIS14-15 T (JX260424)
Reyranella massiliensis 521 T (HE997181)
Reyranella aquatilis Seoho-37 T (KY363639) The type strain, Seoho-37 T (=KCTC 52223 T =JCM 31892 T ), was isolated from Lake Seo, Suwon, Gyeonggi Province, Republic of Korea. The G+C content of genomic DNA of the type strain is 66.5 mol%. 
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